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MT1K : F01D 13/00 



Cnoco6 nojiyieHHa MexaHHHecKofi SHeprHH b Typ6HHe h 
iyp6HHa pfta ero peamoanHH. 



H 3 o6pexeHHe othochtch k ManiHHOcxpoeHHio, a hmchho k rawpaBJimecKHM, nHeBwanraecKHM h 
naposMM TypoHHSM wm npHBOfla sJieicxporeHepaxopoB, KOMnpeccopos xojioAHJibHwx ycxanoBOK, xermoBHx 
HacocoB h TOMy noao6Hoe. 

HsBecTCH cnoco6 nojr/HeHHa MexarowecKOH SHeprHH b xyp6HHe, BKjnonaiomHH noflany pa6oHero xejia b 
KaHanbi poxopa ceraepoBa Kojieca h pa3 roH paSonero xena npn HcrcneRHH H3 Kanaaos b oiihom 
B * onb , OKPy>KHOcm nepnenoHKyjwpHOM paAHycy xpyGBi c o6ecneHeHHeM Bpameam 
cernepoBa Kojieca ( Bosnia* coBercKaa SHmumoneflHH, rjiasHBiH peaaicxop A.M. npoxopoB M 
H3fla T ejiLCTBo «CoBexcKaa 3HHHKJioneflHH», t. 23, c. 162 ). 

Ka «^T H CnOC ° 6 nOJiyHeHHH Mexa »«ecKOH keprHH b Typ6nHe, BKJUOHawmHH noflany P a6oHero xejia b 
I™*™* pOTOpa cer «epoBa Kojieca h paaron paGonero xena np H HcxeieHHH H3 KanajioB b o«hom 
r^™T m BA °^ ° K Py 3KHOC ™ nepnenmiKyjiapHOM paonycy xpyoia c oGecneHeHHeM BpameHra 
^ ( ™ COBerCKa * ^HUHKjioneflHH, rjiaBHBiH pewuraop B.A. B b e^eHCKHH, xperte 

H3 fl aHHe, rocyflaperaeHHoe HayHHoe KwaxejiBCXBo «CoBexcieaH 3HmncjioneflH>i», 1960r T 8 c 330 ) 
DJiHJKa HiuHH aHanor. » ' ' '> 

H3BecTHO ceraepoBo KOJieco, BwnojmeHHoe b bhac xpyGti c saKpbiTf,™ kohuom, ycxaHOBJieHHOH c 
bcwmohchoctbio BpameHHH, «a xpy6e pamiajiBHo saKpermena c npoxHBonojio3KHBix cropon no Kpafmeg wepe 
owm napa naxpyoKOB c oxorHyrtiMH b npoxHBonojKHKHBie cto P ohbi oxkpbixbimh kohubmh, nprneM och 
OTKP ™ KOraiOB naxpySKOB nepneHflHKyjiapnBi naocKOcra npoxo^meft nepea och nap H 
narpyoKOB h ocb xpy6hi, a b cremce xp y 6Bi cooTBercxBeHHo naxpy6KaM BbinojiHeHu oxBepcxHJi ( BojiBiuaa 

3™e^2T^2) raaBHHfi ~ P ^ M ' ™ C ™° 

B03^«^ m Tr P0B0 KOJleC °'« BBm ° JIHeHHOe B B *«e C 3aK P B,TBIM KOHHOM, ycxaHOBJieHHOH C 

B03MOHCHOCTBK) BpaineHHa, Ha xpy6e paAHajiBHo aaKpeiBiena c npoTHBononojKHBix cropon no KpaifaeH M epe 
oma napa naxpy6KOB c oxornyxBiMH b npoxHsonojioacHBie cto P ohbi otk P bitbimh KonnaMH, npnneM och 
°I^T BIX OTKpHTBD l KOH « OB naxpy6KOB nepnenflHKyjiapnBi njiocKocra npoxowtmeft nepea och napw 
naxpySKOB h ocb xpy6Bi, a b CTemce xpy6Bi cooTBercxBeHHo naxpy6KaM BBinojmeHBi oxBepcxH* ( Majiaa 

m^oTLnZ^^T' maBHMfi PeAaKT ° P B A - BBe AeHCKHH, xpexBe H3«aHHe, rocy fl apcxBeHHoe 
nay^Hoe HSAaxejiBcxso «CoBexcKaa 3nnHKiione,mra», 1960r, t. 8, c. 330 ), ejiHacaiiuiHH ananor 

T e™ „^! IaTKOM - BCeX ne P eHHCneHHHX cnoco6oB h cernepoBBDC KOJiec aanHercH to, mto hotok pa6oMero 

MTxaH^3TL^° TOrHyTMX KOHAOB " aTpy6KOB He HcnoiiBayexcH «na co3 A aHKH wno^HHx^HOH 
MexanmecKOH SHepran, hto cHHacaer K03(p4>HnHeHT nojieaHoro fleftcxBHa ceraeposa Kojieca. 

i^Skob SZJ^Si a3 P°^ HHaMH,ieCKOe ^onpoxHB^HHe Bpamaiouwxca c bb,cokoh cko P octbk> 
naTpyoKOB CHHHcaer KoatJxpHipieHT nojie3Horo a^hctbhh 

TVD6HHe^a r c^L™° 6pWH, ^ H PemaCTCH ^ 3Ha MexaHH^ecKOH 3HcpntH no^iae^oft b 

H^~ro ^^™ HCnOJtt3 ° BaHHfl «36bitohhoh KHHerHHecKOH 3HeprHH noxoKa paeonero xena, 

Hcreicaiomero H3 kuhbjiob poTopa Typ6HHbi. 

3^813 co3AaHHa cnoco6a no^neHHa MexaHnnecKOH SHepran b Typ6HHe pemaeTca tcm. too b cnoco6e 
^TTh rrrTnS 0 " B iyp6HH6 ' ~ pa6oLro^aT™ po'S 

H^nZll P Pa6 ° Her ° ^ "P" HCTC^HHH H3 KaHajlOB B OAHOM HanpaBJieHHH BflO^B OKpy.KHOCTH 

XS^ZT^S 5 ^ POT ° Pa C ° 6eCn - eHHeM Bpa ^ e ™« P°-P^ cZacno HaoGp^HHK^ pa6o^ 
D^HHeM rSZZZLSl P i flaK>T B 3aiCptlT ° e npoCTpaHCrao B01 ^ Poxopa H OHO B3aHMO fl eHCT By eT c 
HZTlZf ^ oepaayiomeH aaKpBixoe npocxpancxBo n BBmoiineHHOH no pa^nycy oKpyHcnocm 

HanpaBaeHHH baoab OKpyjicnocxH nepneHAMKyiupHOM paanycy 060JIOHKH n npoxHBonojiOKHOM 
HanpaBjieHHK) uc-reteiim m poxopa c oSecneneHHeM BpameHHH o6ojiomkh. 

™™™%J >a6 ° Her0 Tefla m KaHaJI ° B pOTOpa B 3aK P« TOe npocxpancxBo BOKpyr poxopa h ero 
B 3 aHMO fl eHcxBHe c xpeHHe M c oeojioHKOH, oepasyromeii 3 aKpB.xoe npocxpaHcxBo h BBmojmeHHofi no 




2 



paAHycy okp>okhocth baojib bbixoahbdc oxBepcrHH KaHarcoB poTopa, h HcxeneHHe nepe3 oxBepcraH b 
o6onoHKe, pa3roromci> b oahom HanpaBjieHHH baojib OKpyECHOcra nepnetwHKyjmpHOM pa^nycy o6ojiohkh h 
irpoTHBonojiOMCHOM HanpaBjieHHK) HCTeneHHa H3 poTopa c o6ecneneHHeM BpameHH* o6ojiohkh no3BOJiaeT 
o6ecneHHTi> BpameHHe o6ojiohkh iyp6HHBi 3a chct nojie3Horo HcnojiB30BaHHH m36bitohhoh KHHenwecKOH 
3HeprHH pa6onero noTOKa, HcreKaiomero H3 KaHajios poTopa iyp6HHBi, h uphboaht k yB e jihh e hhk> 
MexaHHHecKOH SHeprHH , nojiynaeMOH b iyp6HHe. 

Harpy3Ka mohcct 6bttb npHJionceHa k porapy h oSojiohkc TaK, hto6bi ycxaHOBHXB oAHHaicoBBie 
oKpy^cHBie CKopocra BpameHHH HapyacHoro OTaMeTpapoTopa h BHyrpeHHero AaaMerpa o6ojiohkh. 

npHnoMceime Harpy3KH k paropy h o6ojiOHKe Tax, hto6bi ycraHOBHTB oflHHaKOBBie OKpjracHBie CKopocra 
BpameHHH Hapy>KHoro .UHaMerpa poTopa h BHyrpeHHero flHawieTpa o6ojiohkh no3BOJiaeT nojiynHTt 

HaH60JIBUlHH K03(J)$HHJieHT IIOJie3HOrO AeMCTBHH TypSHHbl. 

3aAana co3flaHHH xyp6HHBi peniaercH TeM, hto b Typ6nHe, coaepacameH ceraepoBO Kojieco, 
BBinomeHHoe b bhjj$ Tpy6ti c 3aKpBiTMM kohouom, ycraHOBJieHHoii c bo3mohchoctbk> Bpameraa, Ha xpy6e 
pa^MajiBHO 3aKpenjieHa c npoTHBonojioacHBix cropoH, no KpairaeH Mepe o.zma napa naTpy6KOB c 

OTOntyTBlMH B npOTHBOnOJIOXCHBie CTOpOHBI OT HX OCH OTKpBITBIMH KOHLjaMH, npHHCM OCH OTOTHyTBIX 

kohijob naTpyGKOB nepneiWHKyjiapHBi iuiockocth, npoxoAanjen nepe3 och napw naTpy6KOB h ocb xpy6Bi, a 
b cTeHKe Tpy6Bi cooTBercxBeHHo naxpy6icaM BBmojiHemi oTBepcTiw, corjiacHo n3o6peTeHHto, Typ6nHa 
CHa6»ceHa upmampmecKm& 6apa6aHOM, CKpenjieHHBiM coocho c samoM, ycTaHO BjieHHBiM c bo3mohchoctbk> 
BpamemiH, 6apa6aH oxBarBiBaeT ceraepoBO Koneco, loinHH^pmecKHH noacoK 6apa6aHa npHMBiKaeT k 
OTorHyxBiM kohusm narpy6KOB ceraepoBa Kojieca c 3a3opoM, Ha UHJiHH#pmecKOM noacKe 6apa6aHa 
paflHanBHO 3aKpeiuieHa c npoxHBonojiOMCHBix CTopoH, no KpaHHen Mepe o#Ha napa narpy&coB c otkpbitbimh 
KOHu;aMH OTorHyrBiMH b pa3HBie cropoHBi ot hx och npoTHBonojioHCHtie cropoHaM naxpyftfcoB ceraepoBa 
KOJieca, npmeM och OTorHyTBix otkpbitbix kohu;ob narpy6KOB 6apa6aHa nepneH#HKyjiHpHBi juiockocth 
npoxoAHD^eH nepe3 och napBi naTpy6KOB 6apa6aHa h ocb xpy6Bi, b CTemce noacKa cooTBercTBeHHo 
naipy6KaM bbuiojihchbi OTBepcma, h Tarace CHa6xceHa BajiOM CKpeiuieHHBiM coocho c xpy6oH h 
oxBaTbiBaiouiMM cerHepoBO Kojieco h 6apa6aH KopnycoM c OTsepcTHHMH ajih pa3MemeHHH xpy6Bi ceraepoBa 
Kojieca h BajioB 6apa6aHa h ceraepoBa KOJieca h co nixyuepoM #jih Bbixo^a pa6onero xejia. 

CHa6>KeHHe iyp6HHBi i^hjihhaphmcckhm 6apa6aHOM, CKpenjieHHBiM coocho c sanoM, ycxaHOBJieHHBiM c 
b 03 mojkho ctbio BpameHHH, 6apa6aH oxb etbib aeT ceraepoBO Koneco, npHMBiKaHHe utHJunmpmecKoro noacKa 
6apa6aHa k oTorayrBiM KonuaM naipy6KOB ceraepoBa KOJieca c 3a3opoM, 3aKperuieHHe Ha ivraHH^pmecKOM 
noacKe 6apa6aHa pa^najiBHo c npoTHBonojioMCHBix cropoH, no KpaHHen Mepe oahoh napBi naxpy6KOB c 
otkpbitbimh Kom^aMH OTorHyrBiMH b pa3HBie cxopoHBi ot hx och npoTHBonojio2KHBie cropoHaM rraxpy6KOB 
ceraepoBa KOJieca, npmeM och OTorHyTBix otkpbitbix kohuob naTpy6KOB 6apa6aHa nepneHAHKyjiapHBi 
ixjiockocth npoxoAaiAen nepe3 och napw naipy6KOB 6apa6aHa h ocb xpy6Bi, b crcHKe noacica 
cooTBeTCTseHHo naipy6KaM BBinojiHeHBi oTBepcroa, h xaraKe CHa6HceHHe BajioM CKpenneHHBiM coocho c 
Tpy6ofi h oxsaxBiBaionmM ceraepoBO KOJieco h 6apa6aH KopnycoM c OTBepcrraMH win pa3Mem,eHHH ipy6Bi 
ceraepoBa KOJieca h BanoB 6apa6aHa h ceraepoBa KOJieca h co ruiyuepoM pjw BwxoAa pa6onero Tejia 
no3sojiaeT oipa6oTaHHOMy pa6oneMy Tejiy, BBixoA^meMy H3 ceraepoBa KOJieca, B3aHMOAeficTBOBaxB c 
UHJiHHApHnecKHM noffCKOM 6apa6aHa, ycTaHOBjieHHBiM oneHB 6jih3ko Ha paccroaHHH 3a30pa ot oxorHyTBix 
kohijob naTpy6KOB ceraepoBa KOJieca, npHBOAH ero bo BpameHHe, h npn HCTeneHHH H3 otkpbitbix ko^ob 
naTpy6KOB 6apa6aHa y chjihb aTB BpameHHe 6apa6ana 

HcnojiB30BaHHe o^hoh h 6ojiee nap naTpy6KOB no3BOJweT iiphboahtb bo spau^eHHe 6apa6aH h nojiynaTB 
ot Hero AonojirarrejiBHyio MexamraecKyio SHeprnio. 

TaKHM o6pa30M noaBJiaerca flononHHTejiBHaH MexaHHMecKaa aHeprna ot Bpameiora 6apa6aHa, hto 
noBBiuiaer ko3(J>4 )mi X h cht nouesHoro achctbhh Typ6HHBi. 

naipy6KH ceraepoBa KOJieca Moryr 6bitb BBinojiHeHM o&reKaeMoii $opMBi. 

BfcinojiHeHHe naTpy6K0B ceraepoBa Koneca o6TeKaeMOH $opMBi, to ecrB HMeiomeii BHeuiHHe 
onepTaHHH, o6ecneHHBaiou;He npn abh^kchhh HanMeHBinee conpoTHB ji eHH e BcxpeHHoro noTOKa pa6oMero 
Tena, Hanpraviep b nonepeHHOM ceneHHH b Bime KaiuieBHzmoro npo4>HJia, no3BOJiaer chh3Htb 
aapoAHHaMHHecKHe noTepn Ha Tpemie npn Bpau^eHHH ceraepoBa KOJieca b 6apa6aHe, 3anojiHeHHOM 
pa6oMHM tcjiom, mto no3BOJiaeT yBenHMHTB MexaHHHecKyio 3Hepnuo nojiynaeMyio b TypSHHe. 
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O&reKaeMaa <f>opMa narpy6KOB ceraepoBa Kojieca Moacex 6mtb BMnojmeHa b nonepeHHOM ceneHUH b 

BH^e KpHJlOBHHHOrO npO<J)HJIfl C OTHOX1ICHHCM L/b > 5, 

tag L - xop^a KpBuia, 

b — HaH6ojrbmaa TOjnnjiHa KpBuia. 
BBmojmeHHe o6xeKaeMoft $opMBi naipy6KOB ceraepoBa KOJieca b nonepeHHOM ceneHHH b BH«e 

KpBUIOBKWHOrO XipO^HJM C OTHOIHCHHeM L/b > 5, 

r^e L - xop^a xptuia, 

b — Han6ojn>niaa TomuHHa Kptuia, 
no3BOJweT co3^an> Haii6ojiee oirraMajibHMe ycnosHH npH chhhcchhh aapoOTHaMHHecKHx noTepB Ha 
TpeHHe npn BpameHHH ceraepoBa Kojieca b 6apa6ane 3anojiHeHHOM pa6oHHM TejiOM. 
IIaTpy6KH 6apa6aHa Moryr 6bitb bbiiiojihbhbi o6xeKaeMOH 4>opMBi. 

BunojiH©HHe naipySKOB 6apa6aHa o6TeKaeMoft <£opMM, to ecxs HMeiomeii bhciuhhc OHepTaHnsi, 
o6ecneHHBaiomHe npH #BioKeHHH HaHMeHbmee conporaBjieHHe BCipeHHoro noxoKa pa6onero Tejia, 
HanpHMep b nonepeHHOM ceneHHH b BH#e KanjieBH^Horo npo^KJia, no3BOJiaeT chh3htb a3poAHHaaowecKHe 
noTepn Ha Tpemie npH BpameHHH 6apa6aHa b Kopnyce, 3anojmeHHOM paSoHHM TejiOM. 

OSTeKaeMaa $opMa narpySKOB 6apa6aHa Moacer 6brn> BMnojmeHa b noneperaoM ceneroiH b Bime 

KpBIJIOBHAHOrO npO^HJM C OTHOmeHHCM L/b >5, 

r#e L- xop#a Kptuia, 

b — HaH6ojn>maa: TOjnnpiHa Kptuia. 

BBmojmeHHe o6TeKaeMOH (fcopMBi naTpy6KOB 6apa6aHa b nonepeHHOM ceHemm b BH«e KpBuioBHflHoro 
npo<J>Hjix c OTHomeHHeM L/b > 5, 

r#e L — xopo;a Kptuia, 

b — HaH6ojn>inaa TOJUUHHa KpMJia, 

no3BOjraeT co3flar& Han6ojiee orrraMajiBHbie ycjioBH* npn chhjkchhh a3po#HHaMHHecKHx norcpB Ha 
TpeHHe npn BpameHHH 6apa6ana b Kopnyce 3anojmenHOM paSoHHM tcjiom. 

Ha 4>ht. 1 H3o6paaceH o6nprif bh# iyp6HHM b pa3pe3e; Ha 4»ht. 2 - bh# no A Ha $ht. 1; Ha $ht. 3 - 
- npoflOJibHoe ceieHHe naipy6Ka ceraepoBa Kojieca hjih 6apa6aHa, BbinojmeHHoe b nonepeHHOM cenemiH b 
Bwse KpbuiOBHzmoro npo^nro; Ha 4>ht. 4 - pa3pe3 no A-A Ha 4>ht. 3; Ha <£ht. 5 - pa3pe3 no B-B Ha <J)ht. 3. 

Typ6iiHa co^epmrr ceraepoBO KOJieco, BBmojmeHHoe b bujxg ipy6bi 1 c 3aKpbrr&iM kohijom, 
CKpeiuieHHOH coocho c BanoM 2, Tpy6a 1 c sajiOM 2 ycTaHOBjiema c bo3mohchoctbk) BpameHHH Ha 
noflnnniHHKax. Ha ipy6e 1 3aKperateHBi pa^HajibHo c npoiraonojioacHMx crapou, no KpaHHeif Mepe o^Ha 
napa narpy6KOB 3 c oTorayTBiMH b i^oraBonojioacHMe ctopohbi otkpmtbimh KomjaMH 4, och OTOrayTBix 
otkpbitbix kohuob 4 narpyfiKOB 3 nepnenzmKyjiapHM miocKOcra, i^poxo^an^efl nepe3 och napM naxpy6KOB 3 
h ocb xpy6Bi 1, a b creHKe ipy6M 1 cootb eTCTB eHHO naxpy6KaM 3 BBmojmeHBi oTBepcraa 13. OropBixbie 
kohubi 4 Moryr 6bttb BBinojmeHBi b bh&g coneji. yHJiKHflpKHecKHH 6apa6an 5 cKpenjieHHBra coocho c BanoM 
6 ycraHOBjieH coocho Tpy6e 1 c bo3mo^hoctbk> Bpan^emM Ha noAmHiiHHKax h oxBaxbisaeT ceraepoBo 
Kcwieco. UtKimH^mecKHH noacox 7 6apa6aHa 5 npHMbncaeT k OTorHyxbiM otkpmthm kohh^m 4 naipy6KOB 
3 ceraepoBa KOJieca c 3a3opoM. Ha jj^anmflpmecKOM noacice 7 6apa6ana 5 3aKpeiuieHW pa^najibHo c 
npoTHBonojioHCHBix CTOpOH, no KpaHHeii Mepe o^ta napa naTpy6KOB 8 c otkpwtbimh KoimaMH 9 
OTon^TBiMH b pa3HBie cropoHM ot hx och npoTHBonojio^cHbie cropOHaM naipy6KOB 3 ceraepoBa Kojieca. 
Och OTorayibix oiKptrrax KOH^OB 9 naxpy6KOB 8 6apa6aHa 5 nepnei^zpaKyJiapHw idiockocth npoxoflameii 
nepe3 och napBi naTpy6Kos 8 6apa6aHa 5 h ocb xpy6bi 1. B crcHKe ipuiHK^pH^cecKoro noKCKa 7 6apa6am 5 
cooxBercTB eHHO naTpy6KaM 8 BBmojmeHBi OTBepcraa 10. PlMeerca Kopnyc 11, oxBaiBiBaiomHH ceraeposo 
KOJieco h 6apa6aH 5, c OTBepcrxMMH jsjvl pa3MemeHHfl Tpy6bi 1 ceraepoBa KOJieca h sajiOB 6 h 2 6apa6aHa 5 
h ceraepoBa KOJieca h co nrr^epoM 12 ajm bbixo^ pa6onero Tejia. Kopnyc 11 coe^pmeH c bxoahbim 
naipy6KOM 14 no^ann pa6onero Tejia. Tpy6a 1 ceraepoBa KOJieca HMeeT Ha sxo,zmoH ero nacra 
MHoroHHcneHHBie npoxOHKH 15, o6pa3ya BMecre c bxo^hbim naipySKOM 14 jia6npHHTHBie yiuioxHeHHa, 
o6ecneHHBaionme MHHHMajrbmie yxenKH pa6onero Tena no^aBaeMoro b Typ6nHy. 

naipy6KH 3 ceraepoBa KOJieca Moiyr 6bitb BBmojmeHBi o6TeKaeMon 4>opMBi, HanpHMep b nonepeHHOM 
ceneHHH b Biwe KaiDieBHWHoro npoij^HJiH. 

06TeKaeMaa $opMa naipj^KOB 3 ceraepoBa Kojieca Moacer 6bitb BBmojraeHa b nonepeHHOM ce^eram b 
BH^e KpbuiOBHaHoro npo^nna c oraonieHHeM L/b > 5, 



tjxq L - xopaa Kpbina, 

b — HaH6ojibina5i xojunHHa Kptuia. 
ITaTpy6KH 8 6apa6aHa 5 Moryr 6htb BwnoJiHeH&i o6TeKaeMoii <J>opMBi, HanpHMep b noneperaoM 

CCH6HHH B BYIRQ KaJUieBH,2CHOrO IipO^HJIH. 

O&reKaeMaa 4>opMa naTpy6KOB 8 6apa6aHa 5 MoaceT 6bitb BBmojmeHa b nonepenHOM ceneHHH b bhjxq 
KpBinoBH^Horo npo^HUH c OTHomemieM L/b > 5, 

rae L — xopaa KpBuia, 

b - HaH6ojn>maH TOjnuHHa Kptuia. 

Bti6op HaHMeHtnrax aapoAHHaMmecKHX HHrerpanobHBix noxeps npH BpanneHHH naTpy6KOB 3 ceraeposa 
KOjieca h naTpy6ieoB 8 6apa6ana 5, b bi no jiHeHHBix b nonepeHHOM ceneHHH b BH#e KptuioBiwioro npo^miH, 
HanpHMep cHMMerpHraoro npofyvaw 3KyKOBCKoro, ocymecTBJieH no SHa^emno npo<f>HJiBHorQ 
conpoTHBJieHHa Cx = 0,02 no Mero,z*HKe H3Jio»ceHHOH b Kmjre TM. A6paMOBHqa «TlpHKJia^HaH ra30Baa 
AHHaMHKa» 9 H3,n:aTejiBCTBo «Hayica», peAaiajjiH <|)H3HKo-MaTeMaTHHecKOH jmrepaTypw, M, 1969, c. 545, pnc. 
10. 12. CHMMeTpHHHbiH npo^HJiB 3KyKOBCKoro noKa3aH Ha 4>ht. 3,4 h 5. 

Typ6HHapa6oTaex cneflyKnijHM o6pa30M. 

Pa6onee xejio no^aioT bo bxoahoh naipy6oK 14 h xpy6y 1 ceraepoBa KOjieca h #ajiee no/jaioT b KaHajiBi 
kohcaoh napBi naTpy6KOB 3. Pa6onee xejio HCTCKacT c bbicokoh ckopoctbk) H3 npoxHBonojioacHBDc otkpbitbix 
kohjjob 4 naTpy6KOB 3 pa3roHaacB b oahom HanpaBjieHHH b^ojib OKpyacHOCTH nepneH#HKyjiapHO pa^Hycy 
ceraepOBa KOJieca c o6ecneneHHeM ero BpameHHH 3a chct co3j%aassfsi MOMeirra peaKTHBHBix chji. 

OTpa6oTaHHBiH noTOK pa6onero Teoia ro otkpbitbix kohixob 4 naipy6KOB 3 c bhcokoh ckopoctbk) 
nona^aer b noJiocTB saicpuToro npocxpaHCTBa BOKpyr ceraepOBa KOJieca, co3,n;aBaeMoe 6apa6aHOM 5 h 
B3aHMOAeHCTByer c ipCHHeM co ctchkoh 6apa6ara 5, npHBo^sr ero bo spameHHe. #anee pa6onee Tejio 
nona^aer b napy naTpy6KOB 8 6apa6aHa 5 h HcreKaeT *iepe3 OTKpBrrBie kohubi 9 c bbicokoh cKopocrbio 
pa3roHJuicB h npHBOA^ bo Bpamemie 6apa6aH 5 3a cneT co3AaHHH MOMema peaKTHBHBix chji. 

B npon;ecce Bpametma 6apa6aHa 5, HcreKaiomHH H3 otkpbitbix kohuob 4, iiotok pa6o*iero xejia 
3aTopMa3KHBaeTca BHyipH 6apa6aHa 5 chji3mh rpeHHH jio ero OKpy^CHOH CKopocra, co3^aBaH momcht 
TpeHHH, BpamaioiUHH 6apa6aH 5. QzjHOBpeMeHHo, npH BpameHHH 6apa6ana 5 BHyrpH Hero Ha pa6onee Teno 
AeficxByiOT u;eHTpo6e3KHHe chjibi, co3#aBaa i*empo6e3KHoe aasneHHe, no# ^chctbhcm KOToporo 
npoHCxo/mr HCTe^eroie pafionero Teoia H3 otkpbitbix kohhob 9 6apa6aHa 5, co3#aBaH #o6aB ohhbih MOMem, 

CyMMHpyiOIIXHHCJT C MOMeHTOM TpeHHH. 

Or BpamaionjHxc* ceraepoBa KOJieca h 6apa6aHa 5 BpameHHH nepe#aiOTC« cooTBercrBeHHO BajiaM 2 h 6 
h ot hhx k noTpe6HTejno. 

TaKHM o6pa30M, npoHCxo/pir nojie3Hoe hciiojib30b amie aHeprnn OTpaSoTaHHoro b ceraepoBOM KOJiece 
pa6onero Tejia h nojryneHHe aohoxehhtcjibhoh Monpocm 

J\aiiee pa6onee Tejio nocrynaeT b Kopir/c 1 1 h bbdcoaht nepe3 nrryi^ep 12 ppx BBixo^a paSoiero xejia. 

HcnojiB30BaHHe naTpy6KOB 3 h 8 co oxBeTCTB chho ceraeposa KOJieca h 6apa6aHa 5 oSxeKaeMOH ^opMBi 
no3BOJiseT CHH3HTB a3poj^HHaMHHecKHe noTepH npH BpameHHH narpy6KOB h itobbichtb nojiyneHi^io 
MexaHHH ecicyio 3Heprmo b Typ6HHe. 

Cnoco6 nojiyneHHH MexaHmecKOH aHeprHH b TypSnHe ocymecTBjDHOT cjiepyiom&M o6pa30M. 

Pa6onee Teno noAaiOT b KanajiBi poTopa Typ6HHBi. B KanecTBe poTopa Moryr 6bitb HcnojiB30BaHBi ksk 
ceraepoBO KOJieco, TaK h peaKTHBHoe pa6onee KOJieco, b kotopom KanajiBi pacnojio»:eHBi nepnenzpncyjiapHO 
pa^Hycy KOJieca. Pa6onee Teno pa3roHJnoT, to ecTB ysejnpiHBaiOT ero CKopocTB, npH HCTeneHHH H3 icaHajios 
b oahom HanpaBjieHHH baojib OKpyacHocra pa^nyca poTopa c oSecneneHHeM BpameHHH poTopa h nojryneHHH 
MexaHHHecKOH SHeprHH. IIpH 3tom bmcctc c pOTOpOM BpamaexcH h ero Ban, c KOToporo CHHMaeTcn 
nojie3Han SHeprnH. 

Pa6onee Teno nocTynaer H3 KaHanoB poropa b 3aKpwToe npocxpaHCTBO BOKpyr po*ropa h 
B3aHMOAeHCTByeT c TperaaeM c o6ojiohkoh, o6pa3yiom;eS 3aKpBrroe npocTpaHCTBO h BBmojmeHHOH no 
paAHycy oKpy >kho cth b#ojib bbixo^hbdc OTBepcraH KaHanoB poTopa. BBinojiHeHHe oSojiohkh no pa,zpvcy 
OKpy^KHOCTH baojib bbixo^hbdc OTBepcraH KaHajioB no3BOJiHeT BpamaTBCH oSojiOHKe BOKpyr poTopa, a 
B3aHMo;jeHCTBHe c TpeHHeM pa6onero Tena c o6ojiohkoh npHBO^nr bo BpameHHe o6ojiOHKy o^HOBpeMeHHO 
co3flaBaH ixeHipoSeHCHoe AaBjiemie BHyrpn o6ojiohkh. 06ojiOHKa, HanpHMep, Mo>icer 6bitb BBinomieHa b 
BH^e 6apa6aHa hjih c4)epBi. 



flanee pa6onee TeJio HCTeicaeT nepe3 oraepcnra b o6ojiOHKe ( 3TO Moryr 6htb, HanpHMep oxBepcnw 10 b 
6apa6aHe 5 h oraepCTHa b naTpy6icax 8 ), pa3ix>HHflCB b oahom HanpaBJieHHH baojib OKpyxcHocTH 
nepneH^HKyjiapHOM paAnycy o6ojiohkh h b npoTHBonojiOHOKOM HanpaBjieHHto HCTeHerara m poTopa c 
o6ecneneHHeM BpameHHa o6ojiohkh h nojiyneHHa MexararaecKOH 3HeprHH. HcieneHHe c pa3roHOM ( 

yBCJIHHCHHeM CKOpOCTH ) H3 OTBGpCTHH 06OJIOHKH B OflHOM HanpaBJieHHH BAOJIB OKpyMCHOCTH 

nepneniHKyjinpHOM paAHycy o6ojiohkh no3BojiaeT npHBOAHTB bo Bpamemie o6ojiOHiey, a TopMoaceHHe 
pa6onero Tejia, Hcreicaiomero H3 KaHajiOB poTopa b o6ojiOHKy, no3BOJMer ycnjiHsaTB 3<j)<|>eKT spameHHH 3a 
cner chji TpeHHH pa6onero Tejia 06 o6ojiOHKy h peaKTHBHBix era. ITpn 3tom BMecxe c o6ojiohkoh BparqaeTca 
ee Ban, c KOTOporo CHHMaerca AonojimrrejiBHaH nojie3Haa aHepran. 

Harpy3Ka MO»ceT 6bitb npHJioaeeHa k poTopy h o6ojio<Hce xaic, hto6bi ycraHOBHTB oAHHaKOBBie 
OKpy>KHBie ckopocth BpameHHH HapyiKHoro AnaMeTpa poxopa h BHyTpeHHero AnaMerpa o6ojiohkh. 3to 
ocymecTBJiaercH noAKjnoneHHeM noTpeGnrejieH sneprHH, HanpHMep 3JieKTporeHeparopoB k sanaM poxopa h 
o6ojiohkh h ycraHOBJieHHH Taiatx poichmob hx pa6oTBi, hto6bi OKpyacHBie ckopocth Bpan*eHHx napyamoro 
AHaMerrpa poTopa h BHyTpeHHero AHaMerpa oSojiohkh 6bjjih OAHHaKOBBi. B stom cnynae mojkho nojiynnTB 

HaH60JIBIIlHH K03$^HUHeHT nOJie3HOrO AeHCTBHff iyp6HHBi. 

IIo 3aKOHy coxpaHeHHs mom em a KOJimecxBa abjokchhh, momcht Bpan;eHHff AeHCTByioni^H Ha poiop 
Mi, paseH cy mm apHOMy MOMemy Bpamemw M2 , /jeHCTByiomeMy Ha o6oJio*£Ky : Mi - M2. Ecjih cKopocTB 
HCTewHHH 1 kt/c pa6onero Tejia H3 KaHajiOB poxopa 6yACT Wi Ha pa^nyce R, to 

Mi=M2 = (Wi-Vi)-R, 
r#e Vi — OKpyaoiaa CKopocTB BpameHH* poTopa. 

Pa3BHBaeMaa poTopoM moiahoctb npn yniOBOH ckopocth 

<m = Vi/R 

Ni = (Wi-Vi)-R- Vi/R = (Wi-Vi)- Vi. 

CooTBercxBeHHO npn tom ace MOMenre Mi = M2 moiahoctb, pa3BHBaeMaa o6ojiohkoh, Gy^er npn 
C02 = V2 / R , r^e V2 - OKpyacHaa ckopoctb BpameHHa o6ojiohkh 

N2 = (Wi~Vi)-R-V2/R = (Wi-Vi)- V2 . 

CneAOBaxejiBHO, npn OAHHaKOBBix oicpyTKHBix CKopocrax Vi = V2 h otcytctbhh aspoAHHaMmecKHx h 
Apyrax noTepB, HanHHHe BpaiuaiomeHCH o6ojiohkh no3BOJiaer AonojirorrejiBHO nonynmB TaKyio tkc 

MOIAHOCTB, KaK H MOIUHOCTB pOTOpa, TO eCTB yABOHTB CyMMapHyK) MOIAHOCTB CHCTeMBI poiop - 060JI0HKa H 
ITOJiyHHTB MaKC HM ajIB HBI H TCOpeTHHeCKHH K03$4)HUUWeHT nOJie3HOrO AeHCTBHH Typ6HHBI. 

IlpH Vi = V2 = V KOScj^HItfieHT nOHe3HOTO AeMCTBHH COCTaBJIHeT : 

il = (Ni + N2)/Wi 2 /2 = 4(V/Wi -V 2 /Wi 2 ), 

npn cooxHomeHHH V / Wi = 0,25 

11 = 4(0,25 -( 0,25 ) 2 ) = 0,75 
B KanecxBe pa6onero Tejia b iyp6HHe MoryT HcnonB30BaTBCs hcjotkoctb, ra3 h nap. 



TlpHMep npHMeHeHHH cnocoGa. 

TypGHHa pa6oTaer Ha boahhom nape. HcnojiB3yKyr poTop raona ceraepoBo KOJieco c flpyMH KaHanaMH. 
lloAaiOT boaahoh nap b ABa KaHama poTopa h pa3roHaioT totok boahhoto napa npa HcreHeHHH ro KaHajiOB b 
oahom HanpaBJieHHH baojib oicpy^icHOCTH nepneiwHKyjiapHOM paAHycy po-ropa ao ckopocth 790 m/c. 



Mcnojn»3yK>T poTop c pamiycoM r = 0,48m h hhcjiom o6opoTOB n = 5000 o6/mhh. OxpyacHan cKopocrb 
poTOpa 25 1 m/c. Poxop Bpamaerca h c ero Bana CHHMaerca MexaHKraecKaa 3Heprnn. 

flajiee boajihok nap H3 KaHajiOB poTopa nocrynaeT b 3aKpbiToe npocTpaHCTBO Bonpyr poTopa h 
B3aHMOAGHCTByeT c TpeHHGM c o6ojiohkok, o6pa3yiomeH 3aKpBiToe npocTpaHCTBO h BbinojmeHHOH no 
pacgwycy oiepyHCHOCTH baojib bbixoahbix OTBepcTHH KaHanoB poxopa. *Iepe3 OTBepcroH b o6ojiOHice boahhoh 
nap HCTeicaeT pa3roHaacb ao CKopocra 251 m/c b oahom HanpaBJieHHH baojib oKpyHCHOcra 

nepneiwiKyjiapHOM paAHycy oSojiohkh h b npoTHBononwKHOM HanpaBjieHmo hctchchha H3 poTopa c 
o6ecneneHHeM BpameHna oSojiohkh. PaAHyc o6ojiohkh He3HaHHxejiBHo npeBBunaex paAHyc poTopa h 
cocraBJiaer 0,4805 m, a hhcjio o6opoTOB o6ojiohkh n — 4990 o6/mhh. OnpyHCHaa cxopocTb o6ojiohkh 251 
m/c. 06onoHKa BpamaercH h c ee Bana cHHMaercfl AonojmHTejiBHafl MexaHHHecieaa 3HeprHH. 

K BanaM poTopa h o6ojiohkh npHKJiaAMBaioT Harpy3Ky ycraHOBKOK aneKTporeHeparopOB Ha o6a Bana h 
ycTaHaBjiHBaiOT t&khq p&khmbi pa6oTBi 3JieKTporeHepaTopoB, hto6bi OKpyxcHBie ckopocth BpamemiH 
Hapy^cHoro A**aMerpa poTopa h BHyrpeHHero AHaMexpa o6ojiohkh CTajut OAHHaKOBBi 25 1 m/c. B 3tom 
cjiynae c Typ6HHbi CHHMaeTca HaHfiojibniaa: MexaHnnecKafl 3Hepraff npw TeopeTH^ecKOM K03$$HiXHeHre 
noJie3Horo achctbhh -q = 0,86. 

IIpeAJioHceHHBiH cnoco6 nojiynerara Mexara i iecKOM 3Hepn*H b Typ6nHe noATBep:acAeH 
3KcnepnMeHTanbHO h Typ6HHa, peajra3yK>maa 3tot cnoco6, ycneumo nponura HcnbiTaHHa. 




OopMyjia H3o6pexeHHH. 

1. Cnoco6 nojiyneHHH MexaHtraecKOH 3Heprmi b Typ6HHe, BKjnonaroiuHH no/jany pa6onero Tejia b 
KaHafibi poTopa Typ6HHH h pa3roH pa6onero xejia npn hctchchhh. h3 KaHanoB b oahom HanpasjieHHH 
baojib oiqpy»cHOCTH nepneHflHKyjiapHOM pa^nycy poTopa c o6ecneneHHeM BpameHHH poTopa, 
oTJiHHaiomHHCH TeM, hto pa6oHee Tejio m KaHanoB poTopa no^aiOT b 3aKpBixoc npocxpaHCTBo 
BOKpyr poTopa h oho B3aKMOMeKCTByeT c TpeimeM c o6ojiohkoh, o6pa3yiomeH 3aKpBiroe 

IipOCTpaHCTBO H BBinOJIHCHHOH no pa^Hycy OKpyHCHOCTH BAOJIB BBDCOAHBIX OTBepCTHH KaHBJIOB 

poTopa, h HCTeKaeT nepe3 OTBepcrHa b oSoJionice, pa3roHaacB b oahom HanpaBJiemiH baojib 
OKpymiOcra nepnenwracyjiBpHOM pa^nycy o6ojiohkh h nporaBonojio3KHOM HanpasjieHmo HCTeneHHH 
H3 poxopa c oSecneneHHeM BpameHHH o6ojiohkh. 

2. Cnoco6 no n. 1, oTjiniaiowHHCsi TeM, hto npHKJia,nj>iBaK)T Harpy3Ky k poxopy h o6onoHKe Tax, 
hto6bi ycTaHOBHTB OAHHaxoBBie OKpyncHBie CKopocxH BpaiueHHfl Hapy>KHoro AHaMCTpa poropa h 
BHyrpeHHero AHaiuerpa o6ojiohkh. 

3. Typ6ima, coAcpacamafl cerHepoBO KOJieco, bbiiiojihchhoc b BH#e Tpy6Bi p 3aKpBiTBiM kojhuhom, 
ycTaHOBJieHHOH c B03M03KH0CTBK) BpameHHJi, Ha Tpy6e pawanBHO 3aKperoieHBi c npoTHBonoJioacHBix 
cropoH, no KpaHHen Mepe o^na napa naTpy6KOB c OTorayTBiMH b npoTHsonono^cHBie cropoHM ot hx 
och oiKpBiTBiMH KOHi^aMH, npHHeM och OTorHyrBix OTicpBiTBix kohuob narpy6KOB nepneimHKyjrapHBi 
njiocKOCTH npoxoAHiijeH nepe3 och napBi narpy6KOB h ocb ipySBi, a b cxeHKe Tpy6£i coorBercxBCHHO 
naTpy6KaM BBinojiHeHBi OTBepcraa, OTjin*iaioiuancn tcm, hto OHa CHa6xceHa ipijiipvipOTecKHM 
6apa6aHOM, CKpenueHHBiM coocho c BajiOM, ycraHOBJieHHBiM c bo3moxchoctbk> BpameHHH, 6apa6aH 
oxBaTBiBaer ceraepoBo KOJieco, ujuihhap hhcckhh noacoK 6apa6aHa npHMBiKaex k oxorHyrBiM 
KOHiiaM naTpy6Kos cerHepOBa Kojieca c 3a30poM, Ha ufuimvxpmocKOM noacice 6apa6aHa pa^naJiBHO 
3aKpemieHBi c np othb o no jioichbix CTopoH, no KpaaHen Mepe OAHa napa naTpyGieoB c otkpbitbimh 
koHuaMH OTorHyrBiMH b pa3HBie ctopohbi ot hx och iipoTHBonojiojKHBie cTopoHaM naTpy6KOB 
cerHepoBa KOJieca, npHHeM och OTorHyxbix otkpbitbix kohuob naipy6KOB 6apa6aHa 
nepneHflHKyjiapHBi nnocKOCTH npoxo^JimeH nepe3 och napBi naxpy6KOB 6apa6aHa h ocb Tpy6Bi, b 
cremce noacica co otb ctctb e hho naTpy6KaM BBinojiHeHBi oxBepcraa, h Taioice CHa6^ceHa BajiOM 
CKpenneHHBiM coocho c Tpy6oM h oxBaTBiBaxoiiptM ceraepoBo KOJieco h 6apa6aH KopnycoM c 
OTsepcTHHMH jxfisi pa3Meiu,eHHx Tpy6Bi cerHepoBa Kojieca h BanoB 6apa6aHa h cemepoBa Kojieca h co 
iuiyuepoM jsflx Bhixom pa6onero Teuia. 

4. Typ6nHa no n. 3, oTjiHnaioujasiCH TeM, hto narpy6KH ceraeposa Kojieca bbhiojihchbi oGTeicaeMOH 

<|)OpMbI. 

5. Typ6HHa no n. 4, OTjiHMaioiuancH tcm, hto oGTeicaeMaa 4>opMa naTpy6KOB cemepoBa KOJieca 
BBinojmeHa b nonepenHOM ceneHHH b BH#e KpBiJiOB*mHoro npo<J)HjiH c OTHomeHHeM L / b ^ 5 , 

rflfi L — xop#a KpBuia, 

b - HaH6ojiBinas TOJimHHa Kptuia. 

6. Typ6HHa no n. 3 huh 4 hjih 5, oTjiiiHaiomaacn Tew, hto naTpy6KH 6apa6aHa BBinojiHeHBi 
o6T6KaeMOH 4>opMBi. 

7. TypSHHa no n. 6, OTJiuHaiou^ancn TeM, hto o6TeKaeMan ^opMa naipyGKOB 6apa6aHa BBinojmeHa b 
nonepenHOM ceqeHHH b B«we KpBuioBHflHoro npo^HJis c OTHomeHHeM L / b ^ 5 , 

r^e L - xop.ua KpBuia, 

b - Han6ojihmax TOJimHHa xptuia. 



• 



PEOEPAT 

Cnoco6 nojiyneHUH MexaHHwecKOH 3HepmH b TypGHHe h Typ6nHa 
pjw ero peanroauHH. 

H3o6peTeHHe othochtch k MaiiiHHOCTpoeHHio, a hmchho k rnupas jihhcckhm , rmeBMaTHHecKHM m 
napoBbiM Typ6nHaM ajih npraaoAa ajieierporeHepaTOpoB, KOMnpeccopoB xojioambhbix ycxaHOBOK, TeruiOBBix 
HacocoB h TOMy noAo6Hoe. 

TexriHHecKHM pe3yjn>TaTOM AOcraraeMBiM b H3o6peTeHHHx kbjixqtck yBejimeHHe MexamwecKOH 
3HcprHM nojiynaeMOH b Typ6nHe 3a chct nojie3Horo Hcnonb30BaHH« h36bitohhoh KHHeTmecKOH sneprw 
noTOKa pa6o4ero Tejia, HCTeicaiomero H3 KaHanoB poTopa Typ6nHbi. 

Cnoco6 nojiyneHHH MexaHmecicoH aHeprHH b TypGrae ocymecTBJiHeTM cne^yiomHM o6pa30M. Pa6onee 
Tejio jio^aioT B KaHauBi poTopa h pa3roH*K>T pa6oiee Tejio npH HcreneHHH H3 KaHanoB b oahom 
HanpaBjieHMH baojib oicpy 3kho cth c o6ecneneHHeM BpameHHH poTopa. Pa6onee Teno KaHajioB poxopa 
noAaiOT b 3aKpBiTOC npocnpaHCTBO BOKpyr poxopa h oho B3anMOAeftcTByer c xperaeM c o6ojiohkoh, 
o6pa3yiomeH 3aKpwToe npocnpaHCTBO h BBinojmeHHOH no pa^nycy OKpy^cHocra baojib bbexoahbix 
OTBepcTra KaHajioB poTopa, h HCTCKacT nepe3 oTBepcTiw b o6ojiOHKe 5 pa3roHaacB b oahom Hanp aB jie hhh 
baojib OKpy hcho cth nepneHAHicyjiHpHOM paA^ycy oGojiohkh h npoTHBonojio>KHOM HanpaBjieHHK) H3 poTopa. 
Typ6HHa coAepHCHT ceraepoBO KOJieco, bbiiio jihchho e b bhac Tpy6Bi 1, y CTaHO b jiemio ft c bo3M03khoctbk> 
BpaiAeHHH, Ha Tpy6e paAHantHO 3aKpeiuieHBi c npoxHBonojiOMCHBix cxopoH, no KpaHHeft Mepe OAHa napa 

naTpy6KOB 3 C OTOrHyTBIMH B npOTHBOnOJIOMCHBie CTOpOHBI OTKpBITBIMH KOHI^aMH 4. I^HJIBHApHHeCKHH 

6apa6aH 5 cKpeiuieH coocho c BajioM, ycTaHOBJieHHBiM c bo3mo>khoctbk) BpameHHJi, n oxBaxBiBaex 
ceraeposo KOJieco. IJ^HJiHHApHHecKHft noHCOK 6apa6aHa 5 npHMbiKaer k OTorayTBiM KOHuaivi 4 c 3a30pOM h 
Ha hqm paAHajiBHo 3aKpenneHBi c npoTHsonojiOHCHBix cropoH, no KpaftHeft Mepe OAHa napa narpySicoB 8 c 
oTKpBiTBiMH KOHijaMH 9 OTorHyTBiMH b pa3HBie CTOpOHBi. IIaTpy6KH 3 h 8 cootb excTBeHHo ceraepoBa KOJieca 
h 6apa6aHa 5 Moryr 6bitb BBinojiHeHBi o6TeicaeMOH (fropMBi, HanpHMep KpBuioBHAHoro npo^wra. 2 c. n. 4>- 
jibi; 5 3. n. (|>-jibi; f HJL 



